Prior research has shown that the predictive power of a stress-health model can be improved by the addition of sleep as a predictor variable. However, negative affect (NA) may act as a confounding variable in stress-health relationships: a source of bias that potentially inflates the observed relationship between stress and health. The current study examines whether stress and sleep remain significant predictors of health after controlling for trait NA. An online survey containing well-established measures of stress, sleep, health, and NA was completed by 460 undergraduates. Hierarchical regression analyses revealed that stress and sleep remained significant predictors of self-reported health after controlling for the effects of NA. Our findings support the notion that stress-health models can be improved by the integration of sleep as an additional predictor variable and demonstrate that the stress/sleep-health relationships are not fully explained by dispositional NA. From a theoretical perspective, the inclusion of NA measures allows researchers to tease apart the unique contributions of predictor variables. This knowledge can subsequently be put to the test with greater confidence in the design of interventions that seek to improve health through stress reduction and improved sleep.
| INTRODUCTION
There now exists a wide-ranging body of research demonstrating the harmful effects of chronic psychological stress on physical health.
Stress has been shown to be associated with both self-reported health and more objective measures of health such as immune functioning and cardiovascular disease (Dhabhar, 2014; Jylhä, 2009) . Over the past few decades, there has also been growing appreciation of the role that inadequate sleep plays in illness and disease (Luyster, Strollo, Zee, & Walsh, 2012) . Beyond defined conditions such as insomnia and sleep apnoea, there is strong evidence that sleep deficits are predictive of ill health within non-clinical samples (Itani, Jike, Watanabe, & Kaneita, 2017) . Although stress and sleep influence one another in a bidirectional manner (Burg, King, Stoney, & Troxel, 2016) , there is evidence that they also act independently on health (e.g., Reidy et al., 2016) . In a previously published study, we demonstrated that the predictive power of a stress-health regression model could be improved by adding sleep measures as predictors (Benham, 2010) .
However, a number of authors have suggested that negative affectivity (the tendency to experience a wide range of negative emotions) may act as a confounding variable in stress-health relationships (Burke, Brief, & George, 1993; Chen & Spector, 1991; Moyle, 1995) .
Given that an association between negative affect (NA) and poor sleep has also been demonstrated (e.g., Hoag et al., 2016) , the purpose of the current study was to perform a conceptual replication of this earlier work in an independent sample, and to extend the prior analysis by controlling for NA.
| Assessing physical health
The concept of physical health may be best understood as the ability of an individual to successfully maintain physiological homoeostasis under changing circumstances (i.e., "allostasis"). Illness results from the inability to successfully mount a protective response and restore equilibrium (Huber et al., 2011) . Within the stress-disease literature, increasing attention has been paid to the use of multisystem allostatic load biomarkers as objective measures of poor health. However, such approaches are costly and time-consuming, and a large number of studies therefore continue to rely on self-reported health assessed through global health questions or standardized and psychometrically validated scales. Although health is generally considered as more than merely "an absence of illness," estimates of health are frequently obtained via measures that rely on symptom reporting. Even using this metric, there are differences in how symptoms are assessed (e.g., frequency vs. severity of symptoms). Poorer self-reported health has been shown to be associated with a larger number of physician visits for college students (Cohen & Hoberman, 1983) and to predict mortality, even in young people. Such measures have also previously been shown to be related to both stress (Cohen & Hoberman, 1983) and sleep (Benham, 2010) . Although sleep duration is still widely used as a measure, there has been increased recognition of the importance of sleep quality.
| Assessing sleep
"Sleep quality" has no singular definition (Krystal & Edinger, 2008) and is perhaps best conceptualized as a multifaceted construct (Kaplan et al., 2017) . While correlated with duration, sleep quality can be considered independently, with both factors synergistically contributing to restorative sleep. Accordingly, 2 years after publishing recommendations for sleep duration, the National Sleep Foundation published a separate set of recommendations related to sleep quality (Hirshkowitz et al., 2015; Ohayon et al., 2017) . Sleep quality has been shown to be a better predictor of self-reported poor health than has sleep duration (Pilcher, Ginter, & Sadowsky, 1997) . Additionally, a number of studies have linked sleep quality with objective healthrelated physiological measures, such as proinflammatory proteins (Friedman, 2011) , telomere length (Prather et al., 2015) , and treatment-resistant hypertension (Bruno et al., 2013) . Among standardized scales of sleep quality, the most established measure is the Pittsburgh Sleep Quality Index (PSQI; Buysse, Reynolds, Monk, Berman, & Kupfer, 1989) , a retrospective measure that provides a global sleep quality score.
Extending beyond sufficient duration and adequate quality, good "sleep health" additionally incorporates "sustained alertness during waking hours" (Buysse, 2014, p. 12) . A popular measure of this construct is the Epworth Sleepiness Scale (ESS; Johns, 1991) , which assesses daytime sleepiness. Although correlated with both sleep duration and sleep quality, daytime sleepiness shows sufficient discriminant validity (weakly correlating with duration and quality) to be considered as an independent construct (Buysse et al., 2008) . A handful of published studies have shown daytime sleepiness to be related to poor health, both in terms of self-report measures and physiological measures such as blood pressure (Goldstein, Ancoli-Israel, & Shapiro, 2004) . However, considered alongside the research on sleep duration and sleep quality, there is a relative paucity of data linking this construct to health.
| NA as a form of common methods bias
Common methods bias (CMB) refers to a form of systematic measurement error that artificially inflates the observed correlation between two variables, compromising the validity of a study's findings (Podsakoff, MacKenzie, & Podsakoff, 2012) . The systematic error may be caused by multiple factors, including "response tendencies that raters apply across measures" (Edwards, 2008, p. 476) , and such response tendencies can be driven by personality variables such as social desirability and negative affectivity. In a detailed paper examining this issue, Watson and Pennebaker (1989, p. 234) 
| Study goals and hypotheses
Our previous research demonstrated that stress accounts for a significant proportion of the variance in self-reported health (Benham, 2010) . We also showed that self-reported health could be predicted more accurately by the addition of sleep measures into the stresshealth regression model. However, the study did not assess the potential confound of NA, an issue we identified in the limitations. Therefore, the aim of the current research was to examine (a) whether the previous stress-sleep-health model can be conceptually replicated in an independent sample and (b) whether the stress and sleep predictors remain statistically significant after controlling for NA. For the purposes of our study, NA is considered as a stable dispositional trait, rather than shifting state.
Specifically, we hypothesized that
• self-perceived stress will be a statistically significant predictor of self-reported illness (conceptual replication);
• adding sleep quality and daytime sleepiness as predictors will improve the model (conceptual replication);
• stress and sleep would remain significant predictors in the model after controlling for NA (extension).
| METHODS

| Participants
Four hundred and sixty college students from a large university in the southwestern United States participated in the study. The study was approved by the university's Institutional Review Board, and participants were recruited on a voluntary basis in return for course credit.
Participants ranged in age from 18 to 59 (M = 22.69, SD = 5.51), 69.6% were female, and 92.8% identified as Hispanic.
| Measures
In our previously published research, we used two measures of stress and two measures of health. To reduce unnecessary participant burden, we elected to limit our conceptual replication to one stress measure and one health measure. Justification for the choice of each measure is provided below.
Negative affect. To assess NA, we used the international positive and negative affect schedule-short form (I-PANAS-SF; Thompson, 2007) . This measure contains two mood scales, one that measures positive affect, and another that measures NA. Although the original Self-perceived stress. In our previous study, stress was assessed using two separate scales, the Inventory of College Students' Recent Life Experiences (ICSRLE; Kohn, Lafreniere, & Gurevich, 1990 ) and the Perceived Stress Scale (PSS; Cohen, Spacapan, & Oskamp, 1988) . The ICSRLE is a 49-item life-events stress measure, composed of everyday stressors commonly experienced by college students. By comparison, the Perceived Stress Scale (PSS) contains 10 items asking respondents how frequently they have had stressrelated feelings/thoughts during the past month. Although the ICSRLE was a significant predictor of health in our previous study, the PSS was chosen for the present study for four reasons. First, it is considerably shorter (10 items vs. 49 items), thus reducing participant burden. Second, it is a more popular measure (at the time of writing, based on Web of Science™ data, the PSS had been cited 5,295 times since 2010 whereas the ICSRLE had only been cited 62 times). Third, the PSS has previously been reported as a better predictor of psychological symptoms, physical symptoms, and health service utilisation than life-event scales (Cohen, Kamarck, & Mermelstein, 1983) . Lastly, NA has been shown to be more closely tied to self-perceived stress than stressful life events (Watson & Pennebaker, 1989) .
The 10-item version of the scale is a revision of the originally published 14-item version. It has been shown to provide a slight gain in psychometric quality over the longer version and is recommended over the 14-item version by the scale's authors (Cohen et al.) . In our earlier study, respondents were asked about their experiences during the past week. In the current study, this was revised to match the timeframe of the sleep quality and health measures: "In the last month, how often have you …" and included items such as "… felt nervous and stressed?", "… felt that you were unable to control the important things in your life?" Response choices range from 0 (Never) to 4 (Very Often).
Possible scores on the PSS range from 0 to 40, with higher scores indicating greater stress, and were calculated by summing up the 10-item ratings (after reverse scoring specific items). Cronbach's alpha was 0.85 in the present study.
Sleep quality. We retained the PSQI (Buysse et al., 1989) Daytime sleepiness. We retained the ESS (Johns, 1991) in our current study because the construct of daytime sleepiness has been less frequently examined in relation to physical health, which is viewed as orthogonal to sleep quality (Buysse et al., 2008) , and the ESS is a particularly brief measure. The ESS is an eight-item measure of a person's general level of daytime sleepiness, based on retrospective reports of the likelihood of dozing off or falling asleep in a variety of different situations (e.g., "Sitting quietly after a lunch without alcohol"), with response options ranging from 0 (No chance of dozing) to 3 (High chance of dozing). Possible scores range from 0 to 24, with higher scores indicating greater daytime sleepiness or "sleep propensity." Cronbach's alpha was 0.71 for the current study.
Health. In our previous study, we included two health measures: the Pennebaker Inventory of Limbic Languidness (PILL; Pennebaker, 1982) and the CHIPS (Cohen & Hoberman, 1983) . The PILL is a 54-item scale that assesses the frequency of occurrence of common physical symptoms and sensations such as racing heart/heartburn/ sore throat. Response options range from "never or almost never" to "more than once every week." The CHIPS is a 33-item Likert-type scale that asks respondents to rate how much a particular symptom has bothered or distressed them during the last month, and includes items such as "Back pain" and "Diarrhea." Responses range from 0 (not been bothered by the problem) to 4 (the problem has been an extreme bother). The CHIPS was selected for the present study for three reasons. First, it is shorter (33 items vs. 54 items), thus reducing participant burden. Second, our previously published stress/sleep model accounted for 56% of the variance in health using the CHIPS as our outcome measure, versus 39% for the PILL. Last, the CHIPS asks respondents to indicate the extent to which they were bothered/distressed by symptoms, whereas the PILL asks respondents to report how frequently they have experienced the symptoms. Of the two measures, therefore, we might anticipate the CHIPS to be more influenced by NA. The CHIPS is scored as the sum of the 33-item ratings, resulting in total score ranging from 0 to 132, with higher scores represent greater physical symptom reporting. In the present study, Cronbach's alpha was 0.94.
| Procedure
All participants were directed to complete an online survey, created and hosted through Qualtrics (www.qualtrics.com). The survey included a number of demographic questions, including ethnicity/race, age, and sex, followed by the aforementioned sleep measures.
| Analytic plan
Statistical analyses were performed using SPSS 23 (IBM Corp., 2015) .
First, missing data analysis was carried out to examine if data were missing completely at random. Second, based on the acceptable criteria for skewness (<1), and kurtosis (<3), all study variables were normally distributed except for CHIPS. CHIPS had a skewness of 1.30, and the Kolmogorov-Smirnov test indicated that the CHIPS scores representing illness symptoms deviated significantly from normal, D (460) = 0.11, p < 0.001 (Field, 2013) . To make the distribution normal, square-root transformation of CHIPS was conducted and used in the analyses. Third, hierarchical linear regressions were conducted to assess the variance in illness symptoms attributable to stress and sleep variables after (a) controlling for gender and (b) controlling for both gender and NA.
| RESULTS
Across all the variables, 0.7%-15.2% of data were missing. However, values were missing completely at random, X 2 (67) = 58.80, p = 0.75 (Little & Rubin, 2014) , and were substituted with values using the expectation-maximisation algorithm. The means for, and correlations between, each measure are presented in Table 1 . Based on an established cut-off score for the PSQI, 55.4% of our sample reached the threshold indicative of poor quality sleep (PSQI > 5). Although a specific cut-off score was not established by the scale's developer (Johns, 1991) , a number of researchers have used an ESS score exceeding 10 as indicative of significant daytime sleepiness. 
| Extension: Sleep improves predictive power of a stress-health model after controlling for NA
To examine whether these predictor variables remained statistically significant after controlling for NA, we conducted a five-stage 
| DISCUSSION
Our results conceptually replicate our prior research by demonstrating that a stress-health model is improved by the integration of sleep as an additional predictor (Benham, 2010) . Additionally, our results extend this previous finding by demonstrating that self-reported stress and sleep are both still significant predictors of self-reported health after controlling for the potential confound of NA.
TABLE 2
Results of hierarchical regression analyses examining self-reported stress, sleep quality, and daytime sleepiness as predictors of selfrated poor health after (a) controlling for gender (Model 1) and (b) controlling for gender and NA (Model 2)
Step Recognition of the role of stress in ill health has led to increased integration of stress reduction practices into both preventative and In examining the role of sleep as a predictor of health, we used both a measure of sleep quality and a measure of daytime sleepiness.
Our results suggest that the addition of daytime sleepiness scores to a model that already includes sleep quality scores adds little value. However, it is worth noting that one of the seven component scores that make up the PSQI's global score is "Daytime Dysfunction". This component score is based on two questions, one of which closely corresponds to the daytime sleepiness (ESS) measure ("During the past month, how often have you had trouble staying awake while driving, eating meals, or engaging in social activity?"). Therefore, our results do not necessarily establish that daytime sleepiness is unimportant, only that an additional independent scale to measure daytime sleepiness/dysfunction may be superfluous.
Our data therefore reinforce two previous findings in support of the stress/sleep-health model. First, an individual's self-reported health can be predicted from his/her self-reported stress levels.
Second, the accuracy of that prediction is improved when the individual's sleep quality is also known. However, an important contribution of our study was the examination of NA as a confounding variable.
In our study, NA was considered as a personality variable that could drive consistent response tendencies across our predictor and outcome measures. Additionally, as Watson and Pennebaker stated three decades ago, NA can be expected to act as a general nuisance factor in health research, one that taps psychologically important but organically spurious variance in physical symptom measures. We must remain skeptical of any study that uses a health complaint scale as its criterion for health and that includes, as a psychological predictor, a measure with a subjective distress component.
( 1989, pp. 248-249) . Our selected health measure, the CHIPS, may have been particularly vulnerable to such influence in that it asks individuals to indicate the extent to which they were "bothered by"
various symptoms. As such, it arguably provided a more powerful test of the influence of NA within the stress/sleep-health model than might those with less emotionally valenced prompts. Our results showed that NA is indeed a strong predictor of self-reported health, accounting for a significant percentage of the variability in CHIPS scores. These findings support the idea that an individual's trait NA is a nontrivial factor in the assessment of self-reported health.
However, even after having controlled for this influence, adding information about participants' stress and sleep quality substantially increased the predictive power of the model. Our findings therefore support the notion that stress and sleep are both important independent predictors of health, and that the observed relationships between these variables are not entirely accounted for by NA. Thus, although self-report measures are vulnerable to systematic measurement error driven by affective states, our measures appear to tap into independent constructs that go beyond mere somatisation or complaining.
This position is supported by evidence of convergent validity of such measures, using objective measures invulnerable to self-report bias (e.g., Linden, Dietz, Veauthier, & Fietze, 2016) .
Although NA was used as a control variable in our statistical analysis, we agree with previous authors that the baby should not be thrown out with the bathwater (Spector, Zapf, Chen, & Frese, 2000) .
In considering NA, it is important not to crudely denigrate the construct as a mere nuisance variable. As Spector et al. (2000, p. 80) clarify, "To be considered a bias, a variable such a NA must distort the assessment of a particular intended construct." As a form of common methods bias, that distortion potentially occurs across measures, inflating observed relationships. But an alternative view is that NA's contribution is substantive and that "… partialling NA from stressorstrain relations means also partialling true variance from stressorstrain relations" (Spector et al., 2000 p. 82 ). While limited, some studies suggest that trait NA is a strong predictor of health-related physiological measures. For example, Marsland, Cohen, Rabin, and Manuck (2001) found that NA was a significant predictor for antibody response even after controlling for both self-perceived stress and recent stressful life events. Additionally, Bleil, Gianaros, Jennings, Flory, and Manuck (2008) determined trait NA to be a unifying latent factor linking negative emotions to suppressed parasympathetic control over cardiac function. Thus, NA itself may be an important consideration in broader models of health.
| Limitations and future directions
There are several limitations to our methodology. First, we relied on a convenience sample of undergraduate students, a population that has been criticized for its lack of generalisability (Henrich, Heine, & Norenzayan, 2010) . However, stress and sleep scale data obtained from college students has previously been shown to be equivalent to data obtained from Amazon's Mechanical Turk workers (Briones & Benham, 2017) , a population significantly more diverse than undergraduate samples (Buhrmester, Kwang, & Gosling, 2011) . Our sampled population also had limited racial/ethnic diversity: 93% of participants were Hispanic. Although the homogeneity of our sample limits the generalisability of findings, this can be balanced against having collected important data regarding a traditionally underrepresented demographic (Loredo et al., 2010) .
Our study was cross-sectional in nature and therefore suffers from limitations inherent in correlational designs. Because of the ethical concerns surrounding the experimental manipulation of sleep for extended periods (Barber, 2017) , such correlational approaches are not uncommon. However, future studies could be strengthened by the use of more sophisticated methods, such as longitudinal designs (e.g., Pereira & Elfering, 2014; Reidy et al., 2016) . The development of a stress/sleep-health model is complicated by the reciprocal nature of these variables. We have proposed a model that views health as an outcome, but poor health can also affect stress and sleep;
and, while stress can clearly impact sleep, the reverse is also true (Van Laethem et al., 2015) . Our study also does not attempt to address the mechanisms through which both stress and poor sleep migsht impact health. Beyond the direct physiological effects through which stress and inadequate sleep may impact physiological health, such as their impact on immune functioning (Dhabhar, 2014; Irwin, 2015) , further research is needed to determine indirect mechanisms.
We used the well-established global sleep quality score of the PSQI but recognize that the internal consistency of the measure in our sample was rather low (Chronbach's alpha = 0.69), falling just below a commonly used criterion of 0.70. However, our current value closely matches the PSQI alpha reported in our original publication In addition to sleep duration and quality, there is growing interest in the importance of sleep consistency (Barber & Munz, 2011; Bei, Wiley, Trinder, & Manber, 2016) . Intraindividual variability in sleep duration and fragmentation has been found to exceed interindividual differences (Mezick et al., 2009 ) and has received increased attention in relation to stress and allostatic load (Barber, Munz, Bagsby, & Powell, 2010; Bei et al., 2016; Bei, Seeman, Carroll, & Wiley, 2017) .
However, as recognized by the scale's developers, the PSQI is a retrospective global estimate of sleep quality that is insensitive to daily variability (Buysse et al., 1989) , and we were therefore unable to examine the influence of sleep consistency. Inclusion of daily measures in future studies may help to clarify the role of sleep consistency as part of the stress-sleep/health model.
Even after accounting for NA in our model, a substantial amount of unexplained variance in health remains. Beyond the obvious maladaptive and adaptive health-related behaviours such as smoking, exercise, and nutrition, some of this variance may be due to interindividual differences in sleep need and sleep consistency (Barber et al., 2010) or variability in stress reactivity/recovery (Lovallo, 2015) . Our study would have benefited from controlling for additional potential confounds. For example, we did not assess alcohol intake, caffeine, or the use of sleep aids (Ebrahim, Shapiro, Williams, & Fenwick, 2013) ; nor did we assess chronotype, a sleep trait that has been associated with various health measures (Partonen, 2015) . Furthermore, given the relationship between trait NA and self-reported health, it may be important to further explore other personality traits that might independently predict health or moderate the influence of stress and sleep on physical health. For example, constructs such as dispositional gratitude (Hill, Allemand, & Roberts, 2013) have been shown to be significant predictors of self-rated health.
Lastly, it is important to differentiate our dispositional ("trait") measure of NA from state measures that assess affect as a more flexible construct. Prior research has found both trait and state measures of NA to be associated with self-rated health (Watson & Pennebaker, 1989) , and the same was found for self-reported upper respiratory symptoms after purposeful rhinovirus and influenza virus exposure via nasal drops (Cohen et al., 1995) . However, in the viral infection study, only state NA at the time of exposure was associated with objective symptoms (mucous output). Thus, while highly correlated, trait and state measures of NA should be considered independently, and future research would benefit from inclusion of both measures.
| Practical implications
If we view NA, stress, and sleep quality as interacting reciprocal factors that can impact health, intervention programs that attempt to address all three may prove especially beneficial. There now exist numerous approaches to stress reduction, and increased research on interventions to improve sleep (Barber & Cucalon, 2017) . With regard to modifying NA, a direct approach is exemplified in Carroll's aforementioned CBT study (2015) . 
| CONCLUSIONS
Our results support the notion that poor sleep quality might best be conceived as an important factor that supplements, rather than explains away, the relationship between stress and health, and that the observed association between these variables cannot be wholly accounted for by individual differences in trait NA. Whether NA is viewed as a nuisance variable that needs to be statistically controlled for, or as a substantive and meaningful contributor to ill health that deserves further attention, future research on the stress/sleep-health relationship would benefit from its inclusion. From a theoretical standpoint, our findings allow greater confidence in the viewpoint that stress and sleep are meaningful contributors to physical health.
